EYE VIEWING DEVICE COMPRISING EYEPIECE 
AND VIDEO CAPTURE OPTICS 
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Background of the Invention 
5 Field of the Invention 

This invention relates generally to medical diagnostic 
instruments, and specifically to an eye viewing device for use 



5 in retinal viewing. 

Background of the Prior Art 

Commercially available eye viewing devices for use in 
retinal viewing have been observed to exhibit numerous 

10 limitations. 

According to an indirect ophthalmoscope design, a beam 
splitter is provided in the optical viewing path which directs 
illumination light rays into an eye, and simultaneously allows 
receive imaging light rays to pass therethrough. The 

15 substantial light losses inherent with this design require 

that a large, high powered light source be incorporated in the 
device for the device to satisfactorily illuminate a retina. 
High powered light sources, in general, are difficult to 
package, consume excessive amounts of electrical input power, 

2 0 and produce large amounts of heat and unwanted light such as 
glare. High powered light sources also have large filaments, 
typically larger than the diameter of an undilated pupil. 
This makes indirect ophthalmoscopes especially susceptible to 
glare problems attributable to incident light rays being 

25 reflected from outer eye structures such as the iris, cornea 
and sclera. 

Cameras for use in retinal viewing, such as fundus 

2 



5 cameras, provide high quality imaging. However, retinal 

viewing cameras, in general, are expensive, typically require 
pupil dilation for retinal viewing, and typically require 
operation by a highly skilled and trained camera operator and 
these cameras are also large, bulky, and consume excessive 
space. Because present retinal viewing cameras are fixed 
position cameras, they require that a patient move into a 

5 certain position relative to the camera for an operative 
position to be achieved. 

There is a need for a compact, lower input power eye 
hand-held viewing device which provides appropriate retinal 
illumination, which facilitates wide field retinal viewing 
10 without requiring pupil dilation, and which can be adapted for 
use in capturing images corresponding to eye structures . 

Summary of the Invention 

According to its major aspects and broadly stated, the 
15 present invention is a low input power, low cost eye viewing 
device for use in viewing a retina. 

In one aspect of the invention, the illumination and 
imaging assemblies of the invention are at least partially 
disposed in a housing, and formed at an observer end of the 
20 housing is a holder which replaceably receives a viewing 
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module. The viewing module replaceably received by the 
eyepiece optics elements holder of the housing may comprise 
eyepiece optics, image signal generating elements, or combined 
eyepiece optics and image signal generating elements. 
5 In one aspect, an eye viewing device according to the 

invention includes a converging light illumination system 
adapted to generate light rays which, when the device is in an 
operative position, converge at about a pupil of a patient and 
diverge inside an eye to illuminate a wide retinal field. The 

10 converging light illumination system provides illumination of 
a wide retinal field through a small pupil which may be in an 
undilated state. The converging light illumination system 
also reduces electrical input power consumption and reduces 
glare, as substantially all light delivered by the 

15 illumination system enters an eye through a patient's pupil 
without being reflected from an eye structure outside of a 
pupil opening such as the iris and sclera. 

In another aspect, an eye viewing device of the 
invention includes a viewing system having an aperture stop 

20 positioned substantially conjugate to a patient's pupil and 
substantially coaxial with an imaging axis of the viewing 
system. An aperture stop positioned substantially conjugate 
to a patient's pupil and substantially coaxial with an imaging 
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axis operates to admit light that forms a retinal image and to 
block light that does not form the retinal image. The 
aperture stop operates to block unwanted light both when the 
device is positioned forward of an operative position and when 
5 the device is in an operative position. The aperture stop 
thereby reduces glare and improves image quality both during 
entry of the device into an eye (when the device is being 
maneuvered into an operative position) and during retinal 
viewing (when the device is in an operative position) . 

10 The eye viewing device is made especially well suited for 

retinal viewing through an undilated eye by sizing the 
aperture of the aperture stop in accordance with the diameter 
of a pupil of an undilated eye. By sizing the aperture in 
accordance with the diameter of an undilated pupil, the 

15 aperture stop operates to block substantially all light 

reflected from eye structures outside the diameter of a pupil 
(such as the iris and sclera) . 

The above optical elements working in combination provide 
for wide field retinal viewing without pupil dilation. 

20 These and other features of the invention will become 

clear to those skilled in the art from a careful reading of 
the Detailed Description of the Preferred Embodiments in 
connection with the referenced drawings. 
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Brief Description of the Drawings 

The preferred embodiment of the invention will now be 
described by way of example only, with reference to the 
5 accompanying figures wherein the elements bear like reference 
numerals, and wherein: 

Fig. lA is a functional schematic diagram of an eye 
viewing device of the invention showing illumination light 
rays for illustrating operation of an illumination system 
10 according to the invention; 

Fig. IB is a functional schematic diagram of an eye 
viewing device of the invention showing receive optical light 
rays which illustrate operation of the device's imaging 
system; 

15 Fig. IC is a functional schematic diagram of an eye 

viewing device of the invention showing incident illumination 
light rays when the device is at a distance away from an 
operative position; 

Fig. ID is a functional schematic diagram of the eye 

20 viewing device of Fig. IC showing receive optical light rays 
when the device is at a distance away from an operative 
position; 

Fig. IE is a functional diagram of an eye viewing device 
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of the invention showing incident light rays reflected from an 
objective lens; 

Fig. 2A is a functional schematic diagram showing 
incident light rays of an illumination system which may be 
5 incorporated in the invention; 

Fig. 2B is a schematic diagram illustrating a specific 
embodiment of the invention; 

Fig. 2C is an exploded view of a section of the specific 
embodiment shown in Fig. 2A. 
10 Fig. 3A is a functional schematic diagram of an 

embodiment of the invention showing light rays from an on-axis 
object illustrating operation of an embodiment of an imaging 
system according to the invention having a defocused mirror; 

Fig. 3B is a functional schematic diagram of an 
15 embodiment of the invention showing light rays from an off- 
axis object illustrating operation of an imaging system 
according to the invention having a defocused mirror; 

Fig. 3C is a functional schematic diagram of an 
embodiment of the invention showing illumination light rays 
20 which illustrate operation of an illumination system having an 
on-axis light source; 

Fig. 4 is a functional schematic diagram of another 
embodiment of the invention having a defocused light source; 
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Fig. 5 is functional schematic diagram of the invention 
configured for binocular viewing; 

Figs. 6A-6K are physical schematic diagrams illustrating 
various features which may be incorporated in certain specific 
5 embodiments of the invention. 



Detailed Description of the Invention 

An exemplary embodiment of an eye viewing device 
according to the invention is described with reference to 

10 Figs. lA-lE. Eye viewing device 10 includes an illumination 
system, the operation of which is described mainly with 
reference to Fig. lA, and an imaging system, the operation of 
which is described mainly with reference to Fig. IB. 

The device of Figs. lA-lE is especially well suited for 

15 use in viewing a retina through an undilated pupil. Small 
diameter undilated pupils present numerous challenges to 
viewing retinal images. Small diameter undilated pupils tend 
to inhibit the transmission of both incident light directed 
toward a retina and reflected light corresponding to a retinal 

20 image. Furthermore, light that is directed into a pupil and 
that is blocked from entry into a pupil by highly reflective 
surfaces of outer eye structures such as the iris and sclera 
tends to be reflected into a viewing system as glare. As will 
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be explained herein below, the device of Figs. lA-lE includes 
features which operate in combination to overcome the numerous 
challenges to viewing a retinal image through an undilated 
pupil. In one aspect, the device of Figs. lA-lE includes the 
5 combination of a converging light source illumination system 
and an aperture stop. The converging light source 
illumination system operates to direct a substantial amount of 
light through a small diameter opening while the aperture stop 
operates to block glare attributable to light rays being 

10 reflected from outer eye structures. 

As best seen by Fig. lA, the illumination system operates 
to generate illumination light rays which converge at an apex 
34 and diverge thereafter. An eye viewing device having a 
converging light ray illumination system is positioned in an 

15 operative position relative to a patient when substantially a 
maximum amount of incident light enters eye 11 through pupil 
12. In the device of Fig. lA-lE, an operative position is 
achieved when apex 34 of the cone of light generated by the 
illumination system is positioned at about a pupil 12 of a 

20 patient. With a converging light ray illumination system, a 
substantial amount of illumination light enters a small 
diametered pupil and at the same time illuminates a wide 
retinal field. A converging light ray illumination system can 
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be provided by the combination of a light source 14 and 
objective lens 16 positioned forward of the light source 14 
for converging light rays emanating from source 14 . With a 
converging light source illumination system, a much higher 
5 percentage of incident light rays enter pupil 12 to illuminate 
retina 19 than are reflected off outer eye structures 17 and 
21. Because there is little wasted incident light, a 
converging light ray illumination system reduces the 
electrical input power consumption of the illumination system. 

10 Because a relatively smaller amount of incident light reflects 
off outer eye structures such as iris 17 and sclera 21, there 
is less unwanted light received by the imaging system. 

Light source 14 can be a light generating light source, 
such as a filament-based lamp, an arc lamp, a fiber optic 

15 light source or a solid state light source. However, with 

presently available technology, light generating light sources 
are sufficiently large that they introduce packaging problems. 
Therefore, a preferred light source for the eye viewing device 
is the light source described with reference to Fig. 2A. In 

2 0 the embodiment of Fig. 2A, light source 14 is provided by a 
reflective element such as a mirror, which operates in 
association with a light-generating light source 18, such as a 
lamp, and a condenser lens 20 which converges light from light 
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source 18 onto mirror 14 . 

Aspects of the imaging system of the device will now be 
described with reference mainly to Fig. IB. The imaging 
system of the device includes objective lens 16, imaging lens 
5 22, and an eyepiece lens 24. A retinal image focal plane 26 
is produced intermediate objective lens 16 and imaging lens 
22, while an eyepiece focal plane 28 is produced intermediate 
imaging lens 22 and eyepiece lens 24 . The imaging system 
further includes an imaging axis 30 on which lenses 16, 22, 

10 and 24 are substantially centered. In all references herein, 
the term "lens" can refer to a single optical element or a 
plurality of optical elements functioning together, while an 
operative position has been defined herein as the position at 
which substantially a maximum amount of incident light rays 

15 enter eye 11 through pupil 12 . An operative position can also 
be defined as the position at which a patient's pupil is 
conjugate to aperture stop 32. 

The retinal image light rays crossing retinal focal plane 
26 consist of light rays that enter eye 11 through pupil 12 

20 and which are reflected from retina 19 through pupil 12. 

Since small undilated pupils tend to inhibit the transmission 
of both incident light into an eye and reflected retinal image 
light out of the eye, retinal images viewed through undilated 



11 



pupils are readily obscured by glare (which is especially 
prevalent when retinas are viewed through undilated pupils 
since incident light is more likely to be reflected from 
highly reflective outer eye structures) . In addition to glare 
5 attributable to light being reflected from outer eye 
structures, retinal images can be obscured by glare 
attributable to other sources such as light that is reflected 
from a patient's cornea (corneal glare) and light that is 
reflected from a component of the eye viewing device such as a 

10 lens of the device (internal glare) . 

To the end that the device is well adapted for viewing 
retinal images through an undilated pupil, device 10 
preferably includes features which operate to reduce such 
glare, and in so doing reduce the percentage of received light 

15 rays not corresponding to a retinal image relative to the 

percentage of received light rays corresponding to a retinal 
image . 

One feature which operates to reduce the percentage of 
light rays not corresponding to the retinal image is the 
20 feature of converging light illumination, described above. In 
a converging light illumination system, a relatively high 
percentage of light enters eye 11 through pupil 12, and a 
relatively low percentage of light is reflected from outer eye 
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structures 17 and 21 as seen in Fig. lA. Other features which 
may be incorporated to increase the percentage of retinal 
image forming received light relative to unwanted light are 
described hereinbelow. 
5 In the device of Fig. IB, an aperture stop 32 is 

positioned forward of imaging lens 22 to block unwanted light. 
Aperture stop 32 should be positioned substantially coaxially 
with imaging axis 30 and substantially conjugate to a 
patient's pupil 12 when in an operative , position in relation 

10 to device 10, Positioning of aperture stop 32 substantially 
coaxial with imaging axis 30 encourages substantially a 
maximum amount of useful receive imaging light to be admitted 
through imaging lens 22 without also admitting glare light 
that originates radially outside the patient's pupil 12. By 

15 positioning aperture stop 32 so that it is substantially 

conjugate to a pupil, aperture stop 32 operates to block light 
reflected from outer eye structures 17 and 21. Because the 
apex 34 of the cone of light generated by illumination system 
is substantially conjugate to a patient's pupil for 

20 positioning the device in an operative position, and because 
the preferred position of aperture stop is also one that is 
conjugate to the pupil, then the preferred position of 
aperture stop 32 in a device made in accordance with Figs. lA- 
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IE can be described as one that is substantially conjugate to 
the apex of the cone of light generated by the illumination 
system . 

For optimal blocking of unwanted received light, aperture 
5 33 of aperture stop 32 should be sized in accordance with the 
diameter of the pupil through which a retina is viewed. The 
diameter of an undilated pupil is about 2mm. Accordingly, for 
optimally configuring device 10 for viewing a retina through 
an undilated pupil, aperture 33 should be sized to correspond 

10 to a patient pupil diameter of about 2mm. The resulting 

diameter of aperture 33 is determined by multiplying the pupil 
diameter by the magnification of the pupil in the plane of the 
aperture stop 32. This same principle can be applied to 
optimize the instrument design for other pupil sizes, larger 

15 and smaller . 

In addition to reducing glare and improving image quality 
when device 10 is in an operative position, aperture stop 32 
reduces glare and improves image quality prior to the device 
being moved into an operative position. Figs. IC and ID 

20 illustrate illumination light rays exiting the device and 
reflecting off the eye as they are received in a viewing 
system of device 10 during entry of the device into an eye 
(during the process of moving the device into an operative 
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position). Fig. IC illustrates incident light rays generated 
by device 10 when the device is at a distance away from an 
operative position, while Fig. ID illustrates received 
reflected light rays of a device positioned at the same 
5 distance away from an operative position as is shown in Fig, 
IC. It is seen that when the device is away from an operative 
position, then light rays generated by the illumination system 
strike eye 11 in a diverged state (apex 34 of the cone of 
light is positioned forward of pupil 12) . Thus, a relatively 

10 small percentage of incident rays enter an eye through pupil 
12 and a relatively high percentage light rays are reflected 
from the highly reflective outer surfaces of eye structures 
such as iris 17 and sclera 21. Light rays reflected from 
outer eye structures 17 and 21 tend to be reflected at an 

15 angle with respect to imaging axis 30. The curved surface of 
eye 11 assures that reflected light rays are reflected at an 
angle with respect to axis 30. When device 10 is a 
substantial distance away from an operative position many 
light rays reflected from eye 11 during entry of the device 

20 are reflected out of the viewing system entirely as is 

indicated by rays 36. The majority of light rays that are 
received in the viewing system are blocked by aperture stop 32 
as is indicated by rays 36. Only a small percentage of light 
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rays such as rays 37 pass through aperture 33. Light rays 
that pass through aperture 33 consist of rays that originated 
as incident light rays directed substantially along axis 3 0 
and that passed through pupil 12 to retina 19. Thus, during 
5 entry of device 10 into eye 11, it can be seen that aperture 
stop 32 tends to block unwanted light and to pass light 
corresponding to a retinal image. 

It will be seen that without aperture stop 32, a 
substantial majority of light rays transmitted to eyepiece 

10 focal plane 2 8 during entry would be light rays reflected from 
outer eye structures 17 and 21. Thus, the image received at 
eyepiece focal plane 2 8 would be heavily obscured by glare. 
With aperture stop 32 the substantial majority of light rays 
received at eyepiece focal plane correspond to retina 19. 

15 During entry into the eye, the user will see a small field 

image of the retina, known as the "red reflex" which helps an 
operator move the device into an operative position without 
significant glare. By maintaining the retinal image spot near 
the center of eyepiece focal plane 28 and moving the device 

20 toward an eye 11, an operative position can easily be 
achieved . 

Additional glare or unwanted light reducing features may 
be incorporated in the device. As is shown in Figs. lA-lE, 

16 



light source 14 may be positioned just forward of aperture 
stop 32 outside of the boundary between received and blocked 
light and off-axis with respect to imaging axis 30 of device 
10, Positioning light source forward of aperture stop 32, 
5 outside of the boundary between received and blocked light 
defined by aperture 33, assures that light source 14 has no 
obscuring effect on the viewed image and assures maximum image 
brightness in the user's eye. Positioning light source 14 
off -axis also reduces both internal and corneal glare. By 

10 positioning light source off -axis, incident light that is 

reflected off of lens 16 or off of cornea 15 is directed at an 
angle with respect to axis 3 0 and, therefore, away from the 
optical receive path. 

Glare may be further reduced by shaping the first surface 

15 23 of objective lens 16 so that first surface 23 is curved and 
substantially concentric with the center of aperture 33 as 
seen by the embodiment of Fig. IE. This assures that light 
that is reflected from surface 23 is reflected to a point 
equal to and opposite light source 14 with respect to imaging 

20 axis 30. If light source 14 is positioned outside of the 
boundary dividing blocked and received light defined by 
aperture 33, the concentric curved first surface 23 assures 
that internal glare resulting from light being reflected from 
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surface 23 is blocked by aperture stop 32. 

In addition to the above features reducing unwanted 
received light, glare can be reduced by disposing linear 
polarizers in the imaging and illumination paths in a crossed 
5 configuration. 

A specific embodiment of an eye viewing device described 
generally with reference to Figs. 1A-2A is described with 
reference to the physical layout diagram of Fig. 2B. This 
embodiment is advantageous compared to that in Figure 2 A 

10 because fewer number of lenses are used and because the non- 
eyepiece lenses are made from inexpensive molded plastic. The 
surfaces of the various elements of the illumination system of 
the eye viewing device of Fig. 2B are numbered surfaces 10 0 
through 113. The elements containing these surfaces are 

15 briefly described hereinbelow. 

Referring to elements of the embodiment of Fig. 2B in 
greater detail, lamp filament 102 provides the source of 
illumination for the illumination system. In the embodiment 
of Fig. 2B, light source 102 preferably comprises a filament 

20 having a length of about 0.025 to 0.030 inches, a diameter of 
between about 0.0123 and 0.0136 inches, a number of turns of 
between 6.5 to 7.5, and a power rating of between 
approximately 3.25 and 3.33 watts. Lamp filament 102 is 
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preferably oriented horizontally and rotated about 90° from 
the viewing axis. 

Device 10 may have an aperture window 104 that lies in 
plane X. In the case that device 10 includes an aperture 
5 window that lies in plane X, the aperture window should be 

formed at a position that is conjugate to a patient's retina. 
A smaller aperture provides easier view of a patient's retina 
through small pupils and cataracts. A larger aperture may be 
used for dilated pupils and for general examination of the 

10 central and peripheral retina. 

Device 10 further includes an aperture wheel 106 
comprising a plurality of optical elements which may be 
rotated into a position forward of filament 102 in the 
illumination optical path. Aperture wheel 106, for example, 

15 may carry an apertured glass 108. Apertured glass 108 may 
comprise plate glass having a lithography- formed slit or a 
machined slit in a metal substrate. The slit is helpful in 
determining various levels of retinal lesions, particularly 
tumors and edematous optic discs. 

20 Apertured glass 108 may further comprise light filtering 

material. Preferably, apertured glass 108 filters red light 
and blue light. The red-free filter excludes red retinal rays 
for easy identification of veins, arteries, and nerve fibers. 




The blue filter is used in conjunction with fourescein drops 
applied to the eye to detect corneal abrasions and other 
anterior and posterior segment lesions. Spacing apertured 
glass 108 a distance away from plane X minimizes the imaging 
5 of surface imperfections onto a retina. The illumination 

system shown in Fig. 2B further includes wide band hot mirror 
110 which limits infrared and UV energy from entering a 
patient ' s eye . 

Referring to further components of the illumination 

10 system of Fig. 2B, the illumination system includes condenser 
lens 20, which as described previously collects light from 
filament 102 and operates in combination with objective lens 
16 to project an image of filament 102 onto or near a 
patient's cornea. 

15 The illumination system shown in Fig. 2B further includes 

linear polarizer 112. As will be described further herein, 
linear polarizer 112 operates in combination with linear 
polarizer 2 02 of the imaging system to reduce corneal glare 
and glare that originates from the objective lens. 

20 In the specific embodiment of the invention shown in Fig. 

2B light source 14 is reflected by mirror 114. The 
magnification of filament 102 onto mirror 114 is about 1.5 in 
the embodiment shown. Mirror 114 is mounted at an angle, a, of 

20 



3.8 degrees from imaging axis 30 relative to objective lens 
16. The orientation of the filament matches the geometric 
shape of the mirror, thus minimizing the mirror size. 

Objective lens 16 operates in combination with condenser 
5 lens 20 to project an image of filament 102 onto a patient's 
cornea 15. Objective lens 16 and cornea 15 also form part of 
the imaging system. 

Referring now to elements of the imaging system, retinal 
image light rays pass through cornea 15 in a collimated 
10 formation. Objective lens 16 focuses the parallel light from 
the patient's eye to a retinal image focal plane 26 between 
the objective lens and aperture stop 32, Fig. 2C. 

Aperture stop 32 operates to block light that originates 
outside a 2mm diameter circle located about 25mm from the 
15 objective lens. This is the location of a patient's pupil 
when the instrument is in its nominal operating position. 

Linear polarizer 202, as alluded to previously, operates 
in combination with linear polarizer 112 of the illumination 
system to reduce internal and external glare, especially 
2 0 internal glare from the objective lens and external glare 

attributable to corneal reflections. Linear polarizer 112 of 
the illumination system and linear polarizer 202 of the 
imaging system are disposed in a cross-polarized 

21 



# • 



configuration . 

Imaging lens 22 in the embodiment of Fig. 2B includes two 
lens elements, a first lens element 22A and second lens 
element 22B. The lens elements forming the imaging lens are 
5 separated by an air gap. Imaging lens 22 images the retinal 
image focal plane 26 of the objective lens 16 to the eyepiece 
focal plane 28 . 

A field stop (not shown) sized to correspond to the field 
of view may be disposed at eye piece plane 28. Retinal image 
10 focal plane 26 and eyepiece focal plane 28 are conjugate to 

the patient's and viewer's retinas. Two internal image planes 
are required for proper orientation of the user's view of the 
patient's retina eyepiece lens 24 not labeled in Fig. 2b. 

Eyepiece lens 24 comprises two lens elements 24A and 24B. 
15 The eyepiece assembly in the embodiment of Fig, 2B has an 

approximately +/- 18 diopter focusing range. An apparatus for 
use in moving eyepiece lens elements 24A and 24B is described 
in commonly assigned copending Application Serial No. 
09/774,726 entitled "Focusing Mechanism" filed January 31, 
20 2001 and incorporated herein by reference. 

All of the lenses of the illumination system and imaging 
system described herein above should be coated with an anti- 
reflection coating . 
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Table 1 shows the value of the radius of curvature R (in 
mm) , the on-axis surface spacing D (in mm) , the aperture 
radius, AR, as well as the material associated with each 
optical surfaces of the specifically designed illumination 
5 system shown in Fig. 2B.' The six-digit numbers in the 

"materials" column of Table 1 and Table 3 refer to military 
code material identifications. 



10 
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Radius 



Thickness 



15 R3 



D, = 1.000000 



6 . 120 



1 . 000000 



10 .213177 



R7 = -11.362687 
D, - 24.630 



2 5 R« = 



Do = 0.280000 



R9 = 



Rio - 



12 . 620 



Table 1 
Aperture Radius 

ARi = 0.381000 

AR2 = 1.105 

AR3 = 1.105 

AR4 - 3.250 



ARs = 5.500 



AR7 = 5.50 0 



ARe = 2.000 



AR9 = 2.000 



ARio = 1.350000 



Material 



Air 



523586 



30 



Dio = 46.600000 



Air 



523586 



Air 



Acrylic 



Air 



Polarizer 



Air 



Air 
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Rii = -46.500000 

= 9.500000 

Ri2 = -8.509000 

= 26.500 



5 = 



ARii = 10.300000 
ARi2 = 10 .300000 
ARi. = 1.000 



Acrylic 



Air 



Table 2 shows the coefficients characterizing the 
rotationally symmetric aspheric surfaces S5, Sg, and S12 of the 
specific illumination system shown in Fig, 2B. Rotationally 
s^me^tric aspheric surfaces are defined by: 
10 Equation 1 



1+ (1- cv^(cc+ 1) Y^)^^^ 



adY'^aeY'-afY ^agY 



where 

CC=The Conic Constant 
R=Radius of curvature 

CV=:1/R 

15 Y is the radial distance from the optical axis, and 
Z is the sag of the surface 

ad, ae, af, ag = higher order aspheric coefficients 

Table 2 



surface 


cc 


ad 


ae 


af 


ag 


Se 


-3 . 224406 


0 


0 


0 


0 


S7 


-2 . 037497 


0 


0 


0 


0 


S^2 


-2 . 427960 


-0 . 000246 


5 . 3906e-07 


5 . 1989e-09 


-2 . 8038e-ll 
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Table 3 shows the values of the radius of curvature R (in 
mm) , the on-axis surface spacing d (in mm) , the aperture 
radius, Ar, as well as the material composition associated 
with each optical surface of the specifically designed imaging 
5 system shown in Fig. 2B . 

Table 3 



Radius 



Thickness 



Aperture Radius 



Material 



r. = oo 



10 



di = 26.5 



Ari = 1.0000 



Air 



r2 = 8.509485 

ds = 9.50000 

r3 = 46.500000 
15 d3 = 49 . 040000 



Ar, = 10.300000 



Ar. = 10.300000 



Acrylic 



Air 



r. = ~ 



d4 = 0.130000 



Ar. = 1.6000 



Metal Aperture 
Stop 



rs - oo 

20 ds =0.280000 



Ar. = 3 . 5000 



Polarizer 



d. = 0.550000 



Ar. = 9.52 6 



Air 



r^ = 8.754023 

d^ = 6.350000 

25 rs = -3.91996 

dft = 0.450000 



Ar7 = 3.500000 



Aro = 3.500000 



Acrylic 



Air 



25 



rg = -4 .389902 

do = 3.000000 



= -69.717470 
dio = 20.879000 

5 = 6.6400 

dii = 6.6400 



= -90 . 422 

di2 = 5.000000 

= -16,490875 
10 di3 = 2.00000 



= 19.000000 

di4 = 5.000000 

= -19,000000 

di5 = 12.500000 



15 r^e = 



Arg = 3.000000 



Ar.o = 3 . 500000 



Ar.. = 4.085 



Ar.p = 6.000000 



Ar^^ = 6.000000 



Ari4 = 6.000000 



Ar, 



6 .000000 



Styrene 



Air 



Air 



699301 



Air 



517642 



Air 



Ar^^ = 2.763278 



Table 4 shows the coefficients characterizing the 
rotationally symmetric aspheric surfaces S2, S7, Sg, and Sg of 
20 the specific imaging system of Fig. 2A as defined by equation 
1 . 

Table 4 



Surface 


cc 


ad 


ae 


af 


ag 


S2 


-2 .427960 


0 . 000246 


-5 . 3906e-07 


-5 . 1989e-09 


2 .8038e-ll 


S7 


-2 . 799230 


1 . 9656e-05 


4 . 5561e-06 


-3 . 9069e-06 


-1 . 7903e-08 




-1. 816998 


5 . 9368e-06 


-3 . 6825e-05 


-5 . 7481e-06 


7 . 1492e-07 


S9 


-2 . 113129 


-0 . 000142 


-3 . 3190e-05 


-9 . 9715e-06 


2 .88986-06 
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As is well known, the dimensions designated in Tables 1-4 
can be scaled up or down. Furthermore, while the dimensions 
30 designated in Tables 1-4 pertain to one preferred embodiment 
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of the invention, it will be understood that the components of 
the eye viewing device may bear relationships to one another 
that deviate from those listed in Tables 1 to 4 . In 
developing guidelines for the manufacture of alternative 
5 embodiments of the eye viewing device having the general 

configuration shown in Figs, 1A-2B, the inventors have found 
that it is advantageous to maintain certain dimensions of the 
system and relationships between certain components of the 
system within certain ranges. Specifically, with respect to 

10 the embodiment shown in Figs. 2B and 2C, relationships 
described hereinbelow apply. 

Referring to features of the illumination system, the 
inventors have found it advantageous to maintain the focal 
length of the condenser lens 20 between about 8 mm and 15 mm, 

15 and to maintain the magnification of the filament onto mirror 
between about 1 and 2 . As has been explained with reference 
to Fig. IE, internal glare is reduced by shaping the concave 
surface of objective lens 16 so that the concave surface is 
substantially centered about the center of aperture stop 32. 

2 0 The inventors have found the glare-reducing benefits of such a 
configuration are substantially yielded if the radius of the 
concave surface and the distance from the center of the 
aperture stop to the concave lens surface differ by 
approximately less than 10 percent. 
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length of imaging lens 22 should be maintained between about 
10mm and 2 0mm, The inventors have also found that imaging 
lens 22 preferably operates in a reduction mode with a 
magnification of between about 0.5 and about 0.9. 
5 The optical elements described with reference to Fig, 2B 

herein may be housed in a housing such as a housing shown in 
one of the commonly assigned Design Patent Application Serial 
Nos. 29/137,181; 29/137,172; and 29/137,182 all entitled "Eye 
Viewing Device" and filed February 14, 2001 and incorporated 

10 herein by reference. 

An alternative embodiment of the invention is described 
with reference to Figs. 3A-3C. In the embodiment shown in 
Figs, 3A-3C, light source 14 is disposed directly in the field 
of view in a highly defocused position in relation to focal 

15 planes 26 and 28. By disposing light source 14 on imaging 
axis 30, light source 14 provides for maximally efficient 
illumination of a retina 19. Positioning the light source 
off-axis as is shown by light source 14' results in less-than- 
maximally efficient retinal illumination, but also reduces 

20 glare for reasons that have been discussed herein. 

Light source 14 in the embodiment of Figs. 3A-3C should 
be positioned in a highly defocused position in relation to 
any image plane of the eye viewing device conjugate to a 
patient's retina 19 in an operative position in relation to 
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be positioned in a highly defocused position in relation to 
any image plane of the eye viewing device conjugate to a 
patient's retina 19 in an operative position in relation to 
device 10. As shown in the imaging system diagrams of Figs. 
5 3A-3C, a highly defocused position for source 14 in relation 
to an image focal plane conjugate to a retina is provided by 
disposing source 14 intermediate retinal focal plane 26 and 
imaging lens 22. In general, source 14 becomes less in focus 
at any plane conjugate to and including eyepiece focal plane 

10 28 as the source is moved toward imaging lens 22 and away from 
retinal focal plane 26. Preferably, source 14 is positioned 
as close as is physically possible to lens 22, 

Corneal glare can be reduced in the embodiment of Figs. 
3A-3C if source 14 is disposed in device 10 in a position that 

15 is conjugate to the surface of a cornea when the device is in 
an operative position in relation to a patient. If light 
source 14 is positioned conjugate to cornea 15, many light 
rays which do happen to be reflected from cornea 15 are imaged 
directly onto light source 14. If light source 14 is provided 

2 0 by a reflective element as shown, these light rays correspond 
to a cornea image and are blocked before reaching eyepiece 
focal plane 28, thereby reducing corneal glare. 

In other specific examples of eye viewing devices 
designed according to the general configuration described with 
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reference to Figs. lA-lE and 3A-3C, the objective lens 16 may 
be provided by a lens system having a focal length of about 
25mm, and a back focal length of about one-half the focal 
length. The eye viewing device may be configured so that the 
5 lens surface closest to the patient in the objective lens 

system is positioned about 25mm from a patient's cornea when 
in an operative position. The objective lens system accepts 
parallel or nearly parallel light from a patient's eye and 
focuses the light to an internal image located at or near the 

10 back focal plane 26 of the objective. The objective lens 

system may have a diameter of about 2 5mm. Imaging lens 22, 
meanwhile, may be provided by a lens system having a focal 
length of about 2 5mm, a back focal length of about 18mm and a 
clear aperture of about 2 0mm. The imaging lens may project an 

15 internal image from the objective focal plane 26 to eyepiece 
focal plane 28 at a magnification of about 0.6X, Eyepiece 
focal plane 28 may have an aperture of about 8mm in diameter, 
corresponding to the focal plane diameter of a typical 20X 
eyepiece. The axial length from objective lens 16 to eyepiece 

20 focal plane 28 may be about 90 to 100mm, In the illumination 
system described with reference to Fig. 3C, condenser lens 20 
may be provided by a condenser system having a numerical 
aperture of about 0.2 to 0.4, working at a magnification of 
about IX to 2X, with a focal length of about 9mm. In the 
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embodiment of Figs. lA-lE, aperture stop 32 may be positioned 
substantially normal to axis 30 and approximately halfway 
between the most rearward point of light source 14 and the 
most forward point of imaging lens 22. Aperture stop 32 may 
5 have an aperture diameter of about 4.6mm. 

An alternative optical configuration for the eye viewing 
device of Figs. 3A-3C having a defocused light source is 
described with reference to Fig. 4. In the eye viewing device 
of Fig. 4, light source 14 is disposed forward of objective 

10 lens 16 and imaging lens 22 is deleted. Light source 14 is 

disposed in a highly defocused position in relation to retinal 
focal plane 26 by disposing light source 14 in proximity with 
objective lens 16. In the embodiment of Fig. 4, objective 
lens 16 does not form part of the optical illumination system. 

15 Instead, illumination light rays which converge at a cornea 15 
and diverge toward a retina 19 are formed by disposing 
condenser lens 20 in relationship with light source mirror 14 
such that light rays reflected from the mirror converge after 
being reflected. Further with reference to the embodiment of 

20 Fig, 4, eyepiece lens 24 may optionally be removed and 

replaced with image sensor 52, such as a CCD image sensor, 
which is positioned on retinal focal plane 26. A processor 
system (not shown) in communication with sensor 52, can be 
configured to capture image signals generated by sensor 52, 
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process such signals, and if desirable, electronically reverse 
or magnify any captured images to accomplish the function 
provided optically by imaging lens 22 of the eye viewing 
device of Figs. 1A-3C. 
5 The conventional lenses in the systems described 

hereinabove can be replaced with similarly functioning optical 
elements such as diffractive lenses, binary gratings, phase 
filters, holographic optical elements (HOE), gradient -index 
lenses, and hybrid optical elements. 

10 The invention can be adapted to provide binocular viewing 

as is illustrated by the embodiments of Fig. 5. As seen in 
Fig. 5, a binocular eye viewing device according to the 
invention typically includes a collimating optical element 70 
for collimating light rays of the imaging path, and separating 

15 optics 72 for splitting light rays transmitted by collimating 
optics 70 into two separate imaging paths 74A and 74B. 
Separating optics 72 typically include a combination of such 
optical elements as prisms and/or mirrors. Continuing with 
reference to Fig. 5, binocular eye viewing device 10" may 

20 further include orientation optics 76 disposed in each 

binocular imaging path 74A, 74B for setting the orientation of 
images transmitted by separating optics as is necessary. 
Orientation optics 76 may include such optical elements as 
prism and/or mirror optical elements. Binocular eye viewing 
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device 10" may further include decollimat ion optics 78 and 
eyepiece optics 80 disposed in each imaging path 74A and 74B. 
Each eyepiece optics 80 collimates light so that images can be 
perceived by a viewer. The eye tubes (not shown) of eyepiece 
5 optics 80 may be arranged in an orientation slightly diverging 
toward a viewer's eyes to approximate the direct viewing 
condition of a target by a pair of eyes. 

Several functional aspects of the invention have been 
described. Certain additional features which may be 

10 incorporated in physical embodiments of the invention will now 
be described in detail. 

Shown in Fig. 6A is a physical schematic diagram of an 
embodiment of the invention which can be reconfigured for 
optimizing various functional aspects of the eye viewing 

15 device. In the embodiment of Fig. 6A, primary housing 44 of 
eye viewing device 10 includes lens holders 60, 61, 62 and 66 
and replaceable lens modules 40, 41, 42 and 46 replaceably 
received in their respective holders. As will be explained 
hereinbelow, replacing a certain lens module or a grouping of 

20 lens modules changes functional aspects of the eye viewing 
device enabling the ophthalmoscope to be optimized for a 
specific intended use. For example, with reference to Figs. 
lA-lE, and 3A-3C, it is seen that the area of retina 19 that 
is illuminated by the illumination system depends on the 
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diameter and optical power of objective lens 16 and on the 
magnification selected for the lens at the operative position 
of the eye viewing device. This area corresponds to the angle 
a as shown in Figs. lA and 3C. The field of view of the 
5 imaging system, meanwhile, also depends on the diameter and 

optical power of objective lens 16 and on the magnification of 
the lens at the operative position of the eye viewing device. 

It is desirable that eye viewing device 10 images a wide 
field of view. While a wide field of view and illumination 

10 angle, a, are highly desirable for an accurate and efficient 
diagnosis of various problems, a smaller field of view and 
illumination angle are desirable for ease of use. As the 
angle of illumination, a, becomes less steep, illumination 
light rays are more easily directed into an eye through a 

15 pupil, so that entry into an eye is easier. This is because 
as the illumination angle, a, becomes less steep, light rays 
from source 14 can be directed through pupil 12 over a greater 
range of cornea-to-lens distances. Accordingly, in view of 
the above, it would be beneficial to provide an eye viewing 

20 device which could be configured either for optimized field of 
view or optimized ease of use. 

In a preferred embodiment, the imaging system of device 
10 images a field that contains the area of a retina that is 
illuminated by the illumination system. Most preferably the 
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area of the retina that is imaged by the imaging system is 
about 15 percent to 30 percent larger than the area that is 
illuminated. This feature provides improved orientation of a 
viewed field and reduces alignment considerations between 
5 illumination and viewing. 

A possible embodiment of reconf igurable eye viewing 
device according to the invention is described with reference 
to the physical schematic diagram of Fig, 6A. This particular 
physical layout diagram includes first and second lens modules 

10 40 and 41. First lens module 40 includes objective lens 16, 
while second lens module 41 includes imaging lens 22. While 
the field of view and illumination angle depend mainly on the 
sizing, optical power, and magnification selected for 
objective lens 16, imaging lens 22 will normally be replaced 

15 along with lens 16, since the sizing and optical power of lens 
16 are coordinated with those of lens 22 . The housing 44 and 
lens modules 40, 41 are complement arily designed so that the 
modular lens modules can be manually removed and replaced from 
housing 44 while maintaining a common eyepiece focal plane 28. 

20 In a reconf igurable eye viewing device, a first set of lens 
modules can be provided to configure the eye viewing device 
for imaging a wide field of view, while a second set of 
modules can provide a reduced field of view (but with 
increased magnification) , making the instrument easier to 
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maneuver into an operative position. Such a device can be 
made easier to use simply by replacing the first set of lens 
modules with the second set of lens modules. 

To complement the change in field of view accomplished by 
5 changing the first and second lens modules, the illumination 
condenser system may also be changed in a modular fashion to 
optimize the illumination characteristics to suit the user's 
needs. In all condenser systems with a given condenser size, 
the ability to collect the light from a light generating light 
10 source is balanced with the angle at which the light can be 
transmitted and the magnification at which the image of the 
light generating light source is projected. The lenses inside 
the illumination lens module 42 can be selected such that the 
illumination system matches the illumination numerical 
15 aperture of the given objective module 40. 

In a further alternate embodiment, the invention can be 
adapted to capture electronic images representing an imaged 
retina. One such embodiment is described with reference to 
Fig. 6A. In Fig. 6A, an eye viewing device 10 is shown that 
20 can be reconfigured for electronic image capture. Fig. 6A 
shows an eye viewing device adapted so that eyepiece module 
46 can be replaced with a video module 50. It is seen that 
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eye viewing device 10 normally includes an eyepiece module 46 
having an eyepiece lens 24 which collimates imaging light rays 
so that a retinal image can be viewed by a user. Eyepiece 4 6 
can be replaced with video module 50 which includes certain 
5 components that configure the eye viewing device for video 
capture. In particular, a video module 50 may contain an 
image sensor 52, such as a CCD or CMOS image sensor, which is 
in an operative position in relation to the imaging system 
when the video module is installed in holder 66. The image 

10 sensor 52 is in electrical communication with a processor 

system 54, typically including a microprocessor and associated 
memory, which may be programmed to control image sensor 52 and 
to capture and, possibly, to store image data generated by and 
received from image sensor 52. While processor system 54 is 

15 shown as being disposed in video module 50, it is understood 
that processor system 54 could be disposed external to video 
module 50. The video module 50 may further be in 
communication with display screen external to housing 44 and 
module 50 and/or a processing system external to housing 44 

20 and to module 50 via a combination of communication link 
components which comprises cable 56 and associated input/ 
output interfaces, for example, so that video image 
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information corresponding to image signals generated by image 
sensor 52 can be displayed or otherwise output, and possibly 
archived. The communication link including cable 56 can be 
replaced with a combination of communication link components 
5 which comprises a wireless transmitter-receiver combination. 
Image information corresponding to image signals generated by 
image sensor 52 can also be communicated to electronic 
components external to module 50 and housing 44 with use of a 
combination of communication link components including 

10 transportable memory structure such as a computer disk, a 

compact disk or a memory stick. An encoder for encoding such 
a memory structure may be located in a module as described 
herein or external to a module in housing 44. 

Video module 50 can be designed so that image sensor 52 

15 lies on eyepiece focal plane 28 when module 50 is in an 
operative position in holder 66. It is seen that an eye 
viewing device of the invention can be configured for video 
capture by replacing eyepiece module 46 with a video module 50 
without adding or replacing additional lenses of the imaging 

20 system. Alternative sized image sensors may also be used, 
with the addition of image resizing lenses. Such a 
configuration shifts the location of focal plane 28. 



Eye viewing devices having a viewing module holder for 
receiving various alternative types of viewing modules are 
shown in Figs. 6B-6I. Viewing module 46 of Fig. 6B is an 
alternative version of eyepiece viewing module 46 shown in 
5 Fig. 6A. Viewing module 50 of Fig. 6C is an alternative 
version of video viewing module 50 shown in Fig. 6A. 

Fig. 6D shows a viewing module 7 0 adapted to provide both 
optical viewing and video capture. Viewing module 70 includes 
a beam splitter 80 for splitting the retinal image and 

10 generating a pair of retinal image focal planes, a first, 
eyepiece focal plane 28, and a second retinal image focal 
plane 29 at which image sensor 52 is disposed. Viewing module 
70, like viewing module 50, includes processor system 54 in 
communication with image sensor 52 via lead 53 for controlling 

15 image sensor 52 and capturing and possibly storing image data 
corresponding to image signals generated by image sensor 52 . 
Processor system 54 may be programmed to electronically 
generate a mirror image of the image formed at image sensor 
52. Video module 70 further includes lead 56 for providing 

20 communication of video images and data with external displays 
and/or external processing systems. 

Shown as being located inside module 70, processor system 



54 could in the alternative be positioned at a position 
external to the module but inside housing 44 as is indicated 
by processor system 54' of Fig. 6C or at a location external 
to both module 70 and housing 44. If the processor system 
5 associated with any one of the viewing modules described 

herein having an image sensor 52 is located external to the 
module but inside housing as is indicated by the embodiment of 
Fig. 6C, then the processor system 54' and image sensor 52 
should be arranged so that an electrical connection is made 

10 between the processor system 54* and image sensor 52 when the 
viewing module having the image sensor is fitted into the 
viewing module holder 66 of the eye viewing device 10 . Such 
an electrical connection can be provided by positioning 
complementarily mounted mating connectors in the viewing 

15 module and primary device housing 44, respectively, such as 
mating connectors 85 shown in Fig. 61. 

Mating connectors such as connectors 85 may also serve to 
facilitate linkage between an electrical component of any one 
of the viewing modules described and a power supply of a 

2 0 device. For example, mating connectors 8 5 in the embodiment 
of Fig. 61 may be adapted so that processor system 54 is 
electrically linked to a battery supply power source in 
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proximity with light source 32 when connectors of mating 
connectors 85 are mated together. 

Further, it will be understood that the processor system 
receiving image signals from image sensor 52 in any one of the 
5 embodiments described herein need not be located within a 
viewing module or within housing 44 . The processor system 
receiving image signals from image sensor may be located 
externally relative to both housing 44, and the viewing module 
and may be provided, for example, by a processor system of a 

10 personal computer. If an eye viewing device according to the 
invention includes an image information processing processor 
system located a substantial distance away from an image 
signals generating image sensor, it is useful to configure the 
processor system and image sensor so that the image sensor and 

15 processor system communicate with one another via a high speed 
communication technology, such as Universal Serial Bus 
communication technology , 

An embodiment of a viewing module similar to the viewing 
module 70 of Fig. 6D is shown in Fig. 6E . The viewing module 

20 of Fig. 6E includes all of the elements of viewing module 70 
of Fig. 6D except that viewing module 72 includes a two- 
position mirror 82 in place of beam splitter 80 Fig. 6D. Two- 



position mirror 82 is moveable between two positions. In a 
first position, indicated by solid line 83 mirror is in a 
position such that a retinal image is formed at eyepiece focal 
plane 28. In a second position, indicated by dashed line 84, 
5 mirror 82 is in a position such that a retinal image is formed 
at image sensor 52 , Mirror 82 may be hingely mounted within 
viewing module 72 as is indicated by pivot point 85. Mirror 
82 may be adapted to be manually moveable between the first 
and second positions or else mirror 82 may be adapted to be 

10 movable by means of motor motion. 

In Fig. 6F, a viewing module received in a viewing module 
holder 66 is shown that contains a built-in display 58. In 
viewing module 74, image sensor 52 is positioned at the 
position of eyepiece focal plane 28 when the module is 

15 properly received in holder 66. Image sensor 52 is in 

communication with processor system 54 programmed to control 
and capture image data corresponding to image signals 
generated by image sensor 52. In addition to being in 
communication with image sensor 52 processor system 54 is in 

20 communication via lead 55 with a display 58 which is built 
directly into module 74. Display 58 may be provided, for 
example, by a light weight LCD display as is well known. 
Display 58 is conveniently located at the face portion 74f of 
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viewing module 74 as is indicated by Fig. 6F. Viewing module 
74 may include, in addition, a lead 56 for providing external 
communication of video images and/or other data with an 
external display or processing system located externally with 
5 respect to the viewing module and housing 44 . 

The viewing module 75 of Fig. 6G is similar to the 
viewing module of Fig. 6F except that externally mounted 
display 58 is replaced with an interior mounted display 59 
mounted at an interior of module 75. Display 59 is preferably 
10 a miniature LCD display. Viewing module 75 may include an 
eyepiece lens 24 for collimating light rays generated by 
display 59. 

Alternative embodiments of eye viewing devices having 
built-in or attachable displays are shown in Figs. 6H and 61. 

15 In the embodiment of Fig. 6H, viewing module 76 includes a 
display 58 mounted to a top surface 76t of an externally 
extending portion of module 76. In the embodiment of Fig. 61, 
a display 58 is fixedly mounted to a top surface 44t of 
primary device housing 44. Display 58 could in the 

20 alternative be detachably mounted to housing 44 or pivotally 

attached to housing 44. In the embodiment of Fig. 61, viewing 
module 77 includes lead 55A that matingly connects to lead 55B 
in communication with display 58 when module 77 is received in 
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holder 66. The mating connection between leads 55A and 55B 
may be provided by complementarily mounted mating connectors 
85 . 

The viewing modules 46, 50, 70, 72, 74, 75, 76 and 77 
5 preferably have similarly sized outer housings so that each 
may be fitted into a single viewing module holder which is 
adapted to receive one viewing module at a time. One or more 
of the above viewing modules may be sold or made available in 
a system wherein viewing modules can be interchanged for 

10 optimization of an eye viewing device for a particular 

application. A viewing module according to the invention is 
adapted to be held in place in a complementarily formed holder 
by friction forces or other known retaining means. 

Of course, the elements incorporated in the above- 

15 described removably installable viewing modules 46, 50, 70, 
72, 74, 75, 76 and 77 can be permanently mounted in an eye 
viewing device that does not contain a viewing module holder. 

As indicated above, viewing modules having a processor 
system 54 for processing images may include a lead 56 for 

20 providing communication between the processor system and an 

external display device or processor system external to module 
and housing 44. One type of external display which may be in 
electrical communication with viewing module having a video 



processor system is a head mounted display assembly 57 
including a display 59 as shown in Figs. 6J and 6K. Head 
mounted displays are useful in enhancing the mobility of a 
viewer. In the embodiment of Fig. 6 J, an eye viewing device 
5 10 includes a head mounted display assembly 57, voice 

activated control, an audio feedback means, and a personal 
computer 63. From the embodiment of Fig. 6 J it is seen that 
the elements of an eye viewing device can be spread out over 
several physically separate components including primary 

10 device housing 44, a viewing module, a personal computer 63 
and a video assembly 57. 

It will be understood that the image sensor referred to 
in any one of the above viewing modules having an image sensor 
may be any commercially available image sensor. For example 

15 the image sensor may be a visible light image sensor or an 
image sensor that is selectively responsive to light in a 
specific band, such as an infrared or ultraviolet image 
sensor. The image sensor may also be a spectral imaging type 
image sensor which makes available spectral profile data 

20 characterizing the spectrum of light incident at each pixel of 
the image sensor. In addition, processor system 54 and image 
sensor 52 can be incorporated in a single piece of silicon. 
Image sensor 52 and processor system can readily be integrated 
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in a single piece of silicon utilizing CMOS fabrication 
methods . 

Further, it will be understood that any one of the 
electrically conductive lines described herein, e.g. lines 53, 
5 55, 55a, 55b and 56 could be replaced with a wireless data 

communication link such as an IR link or an RF link including 
an RF line utilizing the "Blue Tooth" communication protocol. 

While the present invention has been particularly shown 
and described with reference to the preferred mode as 
10 illustrated in the drawings, it will be understood by one 
skilled in the art that various changes in detail may be 
effected therein without departing from the spirit and scope 
of the invention as defined by the claims. 
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